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METHOD FOR CONTROLLING A
HYDRAULIC SYSTEM OF A WORKING
MACHINE

BACKGROUND AND SUMMARY

The invention relates to a method for controlling a hydrau-
lic system of a working machine.

The invention is applicable on working machines within
the fields of industrial construction machines, in particular
wheel loaders. Although the invention will be described here-
inafter with respect to a wheel loader, the invention is not
restricted to this particular machine, but may also be used in
other heavy working machines, such as articulated haulers,
dump trucks, graders, excavators or other construction equip-
ment.

A working machine is provided with a bucket, container or
other type of implement for digging, lifting, carrying and/or
transporting a load.

For example, a wheel loader has a load arm unit for raising
and lowering an implement, such as a bucket. The load arm
unit comprises a number of hydraulic cylinders for movement
of'aload arm and the implement attached to the load arm. A
pair of hydraulic cylinders is arranged for lifting the load arm
and a further hydraulic cylinder is arranged for tilting the
implement relative to the load arm.

In addition to the hydraulic cylinders, the hydraulic system
of'the wheel loader comprises at least one pump for providing
hydraulic fluid to the hydraulic cylinders of the load arm unit.

The hydraulic system of a wheel loader is usually a so
called load sensing system (LS system). This means that the
pump which provides the hydraulic system with hydraulic
fluid receives a signal representing the current load pressure
of'a hydraulic cylinder in operation. The pump is controlled to
provide a pressure which somewhat exceeds the load pressure
of the hydraulic cylinder. Hereby a flow of hydraulic fluid to
the current hydraulic cylinder is created.

In such a LS system energy is lost when one and the same
pump is used for providing hydraulic fluid to several working
functions. The working functions often require different pres-
sures, which in turn implies that the pump has to be controlled
to provide the highest pressure required by any working func-
tion. If two working functions are used at the same time and
these working functions have different pressure demands, the
pressure has to be reduced for the working function which
requires the lowest pressure. By using a valve the pressure can
be reduced to the desired pressure. The pressure drop over the
valve results in heat energy loss.

An example of a wheel loader operation which involves
loss of energy is when the wheel loader is forced into a pile of
material in order to fill the bucket and take out material from
the pile. During this moment the lift operation of the load arm
is often stalled due to overload. The pressure in the hydraulic
cylinders for lifting the load arm can be higher than the
maximal pressure provided by the pump due to the fact that
the propulsion force of the wheel loader retract the hydraulic
cylinders. At the same time, the bucket is tilted in order to
break oft material from the pile and the tilt function is oper-
ated at a pressure which is lower than the pressure requested
by the lifting function. The flow of hydraulic fluid to the tilt
function will result in loss of energy since the pressure of the
hydraulic fluid which is provided by the pump and flows to the
tilt function has to be reduced from the maximal pump pres-
sure to the pressure level required for the tilt function.

It is desirable to provide a method defined by way of
introduction, by which method the loss of energy can be
reduced in a hydraulic system of a working machine.
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By the provision of a method where the pressure request
from the first actuator is discriminated provided that the first
actuator is stalled due to overload or geometrical limitations,
the pump pressure can be adapted to another actuator of the
hydraulic system, which actuator requires a flow of hydraulic
fluid and a lower pump pressure, instead of keeping the pump
pressure at the maximal level. This implies that the pump
pressure does not need to be reduced by means of a valve, and
since the heat energy loss is proportional to the pressure drop
over a valve multiplied with the flow through the valve the
loss of energy can be eliminated or at least reduced.

Furthermore, if no actuator in addition to the stalled actua-
tor is present and in operation (i.e. requests a flow); the
hydraulic machine can be controlled to provide a predeter-
mined idle pump pressure which is lower than the maximal
pump pressure. Since a hydraulic system always has some
leakages a maximal pump pressure will in addition to unnec-
essary load and wear lead to energy losses when the hydraulic
machine is controlled to maintain the maximal pump pressure
also in the case where no actuator is in operation.

The method can of course be applied for any number of
actuators. For example, should both the first and second
actuators having the highest and second highest pressures be
stalled, the pump pressure is preferably based on the load
pressure of the actuator having the highest pressure of the
remaining actuators.

Further advantages and advantageous features of the inven-
tion are disclosed in the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a
more detailed description of embodiments of the invention
cited as examples.

In the drawings:

FIG. 1is a lateral view illustrating a wheel loader having a
bucket for loading operations, and a hydraulic system for
operating the bucket and steering the wheel loader,

FIG. 2 is a schematic illustration of a hydraulic system to
which the method according to the invention can be applied,
and

FIG. 3 is a flow chart of an example embodiment of the
method according to the invention.

DETAILED DESCRIPTION

FIG. 1 is an illustration of a working machine 1 in the form
of'a wheel loader having an implement 2. The term “imple-
ment” is intended to comprise any kind of tool using hydrau-
lics, such as a bucket, a fork or a gripping tool arranged on a
wheel loader, or a container arranged on an articulated hauler.
The implement illustrated is a bucket 3 which is arranged on
an arm unit 4 for lifting and lowering the bucket 3, and further
the bucket 3 can be tilted relative to the arm unit 4. The wheel
loader 1 is provided with a hydraulic system comprising at
least one hydraulic machine (not shown in FIG. 1). The
hydraulic machine can be a hydraulic pump, although it is
preferred that the hydraulic machine can work as a hydraulic
pump as well as a hydraulic motor with a reversed flow of
hydraulic fluid. Such a hydraulic machine with said both
functions can be used as a pump for providing the hydraulic
system with hydraulic fluid, for example to lift and tilt the
bucket, and as a hydraulic motor for recuperation of energy,
for example during a lowering operation of the implement 2.
In the example embodiment illustrated in F1G. 1 the hydraulic
system comprises two hydraulic cylinders 5a, 56 for the
operation of the arm unit 4 and a hydraulic cylinder 6 for
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tilting the bucket 3 relative to the arm unit 4. Furthermore the
hydraulic system comprises two hydraulic cylinders 7a, 76
arranged on opposite sides of the wheel loader for turning the
wheel loader by means of relative movement of a front body
part 8 and a rear body part 9. In other words; the working
machine is frame-steered by means of the steering cylinders
Ta,7b.

FIG. 2 is a schematic illustration of a hydraulic system 10.
The hydraulic system 10 is an example of a system to which
the method according to the invention can be applied. The
system comprises a first actuator 11 for a first work function
of'a working machine and a second actuator 12 for a second
work function of the working machine, and a hydraulic
machine 13 such as a pump for providing hydraulic fluid to
the actuators 11, 12. The pump can draw oil from a tank 14.
The actuators 11, 12 illustrated are hydraulic cylinders, and
the first actuator can be used for lifting a lifting arm of the
working machine and the second actuator can be used for
tilting an implement pivotally attached to the lifting arm.

Each actuator is provided with a control valve unit 15, 16
arranged between the pump 13 and the respective actuator 11,
12. The hydraulic fluid is transported from the pump 13 to the
current actuator and from the actuator to the tank via the
control valve units 15, 16.

Each schematically illustrated control valve unit 15, 16 can
include one or several control valves for controlling the
respective work function. Each hydraulic cylinder is prefer-
ably provided with a double-acting piston 17, 18, which can
be pressurized on both sides. For example, a first control valve
can be arranged to connect the pump to the piston side of the
current hydraulic cylinder, and a second control valve can be
arranged to connect the piston rod side of the current hydrau-
lic cylinder to tank, for piston displacement in a first direction.
The first control valve can further be arranged to connect the
piston side of the current hydraulic cylinder to tank and the
second control valve can then be arranged to connect the
pump to the piston side of the hydraulic cylinder, for piston
displacement in a second direction opposite to the first direc-
tion. The term hydraulic fluid in the text is intended to include
hydraulic oil as well as any other fluids which possibly may
occur in a hydraulic system.

The system 10 further comprises a control unit 19 which
receives signals from pressure sensors 20 corresponding to
the load pressure of the actuator/actuators and controls the
pump 13 in order to achieve the requisite pump pressure. The
control unit 19 is also connected to the first and second control
valve units 15, 16 in order to control the magnitude of the flow
of'hydraulic fluid to and from the respective work function by
means of the control valve units. In addition, the control unit
19 can receive signals from position sensors 21 indicating the
position of the actuators, such as for example the piston
position of a hydraulic cylinder.

The invention relates to a method for controlling a hydrau-
lic system 10 of a working machine where the hydraulic
system comprises a hydraulic machine 13 for providing
hydraulic fluid to one or more actuators 11, 12 of the working
machine. The method comprises the steps of receiving a
signal requesting a pump pressure from the hydraulic
machine based on the load pressure of a first actuator 11 of
said one or more actuators which first actuator has the highest
load pressure of said one or more actuators 11, 12, and dis-
criminating the pressure request from the first actuator 11
provided that the first actuator is stalled due to overload or
geometrical limitations. The method further comprises the
step of controlling the hydraulic machine 13 to provide a
pump pressure based on the load pressure of a second actuator
12 of said one or more actuators which second actuator is in
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operation and has the second highest load pressure of said one
or more actuators, or, if no actuator in addition to the first
actuator is present and in operation, controlling the hydraulic
machine to provide a predetermined idle pump pressure. One
of said one or more actuators 11 is preferably provided for
lifting and lowering a lifting arm unit of the working machine.
One of said one or more actuators 12 is preferably provided
for tilting an implement attached to a lifting arm unit of the
working machine. As previously described with reference to
the system illustrated in FIG. 2 the actuators 11, 12 are pref-
erably in the form of hydraulic cylinders and/or hydraulic
motors.

FIG. 3 is a flow chart where an example embodiment of the
method according to the invention is illustrated. See also FIG.
2.

101. “LOAD PRESSURE SIGNALS FROM ACTUA-
TOR/ACTUATORS”. The control unit 19 can receive signals
representing the load pressure of one or more actuators 11, 12.

102. “RECEIVING SIGNAL FROM A FIRST ACTUA-
TOR HAVING THE HIGHEST LOAD PRESSURE”. Nor-
mally the pump pressure is controlled by the control unit to a
pump pressure which is based on the highest load pressure in
order to supply the actuators with hydraulic fluid.

103. “IS THE FIRST ACTUATOR STALLED?”

If the first actuator is not stalled, then go to 104. “CON-
TINUE TO CONTROL THE PUMP PRESSURE BASED
ON THE PRESSURE REQUESTED BY THE FIRST
ACTUATOR”.

If the first actuator is stalled, then go to 105. “DISCRIMI-
NATE THE PRESSURE REQUEST FROM THE FIRST
ACTUATOR”. To avoid the use of a pressure level that would
be unnecessary high, the pump pressure is not based on the
load pressure of a stalled actuator.

106. “IS A SECOND ACTUATOR HAVING THE SEC-
OND HIGHEST LOAD PRESSURE IN OPERATION?” If
there is not any such actuator in operation, then go to 107.
“CONTROL THE PUMP PRESSURE ACCORDING TO
AN IDLE PRESSURE”.

Ifthere is a second actuator in operation, then go to 108. “IS
THE SECOND ACTUATOR STALLED?”

Ifthe second actuator is not stalled, then go to 109. “CON-
TROL THE PUMP PRESSURE BASED ON THE PRES-
SURE REQUESTED BY THE SECOND ACTUATOR”.

If the second actuator is stalled, then go to 110. “CON-
TROL THE PUMP PRESSURE ACCORDING TO AN
IDLE PRESSURE”. Of course the number of actuators varies
depending on the current hydraulic system and the method
has to be modified accordingly.

The pressure request from the first actuator can be dis-
criminated based on a predetermined load pressure value of
the first actuator indicating that the first actuator is stalled.
The discrimination is preferably cancelled based on a prede-
termined load pressure value of the first actuator indicating
that the first actuator is no longer stalled.

The pressure request from the first actuator is preferably
discriminated provided that the load pressure of the first
actuator is above a maximal pump pressure due to a propul-
sion force of the working machine and/or due to a force from
another of said one or more actuators. In an alternative
embodiment, or in addition to a predetermined load pressure
value, the request from the first actuator is discriminated
based on direct or indirect measurement of the movement (or
non-movement) and/or the position of the first actuator indi-
cating that the first actuator is stalled. One way to determine
the movement of the actuator is to determine the flow of
hydraulic fluid to the actuator. This can be performed by
measuring the hydraulic fluid pressure upstream and down-
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stream the control valve associated with the actuator. The
pressure drop over the valve can be used for calculation of the
flow. A pressure drop over the valve which is zero implies that
the flow is zero. If there is no flow then the actuator stands
still. In an alternative embodiment the flow to the actuator is
calculated by determining the current displacement adjust-
ment utilized by the pump having a variable displacement.
The displacement adjustment can be measured by means of
an angle sensor arranged for indicating the position of the
swashplate of the pump.

It is to be understood that the present invention is not
limited to the embodiments described above and illustrated in
the drawings; rather, the skilled person will recognize that
many changes and modifications may be made within the
scope of the appended claims.

The invention claimed is:

1. A method for controlling a hydraulic system of a work-
ing machine, the hydraulic system comprising a hydraulic
machine for providing hydraulic fluid to one or more actua-
tors of the working machine, the method comprising:

receiving a signal requesting a pump pressure from the

hydraulic machine based on the load pressure of a first
actuator of the one or more actuators which first actuator
has the highest load pressure of the one or more actua-
tors,

discriminating the pressure request from the first actuator

provided that the first actuator is stalled due to overload
or geometrical limitations, and provided that the load
pressure of the first actuator is above a maximal pump
pressure due to a propulsion force of the working
machine or due to a force from another of the one or
more actuators, and
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controlling the hydraulic machine to provide a pump pres-
sure based on the load pressure of a second actuator of
the one or more actuators which second actuator is in
operation and has the second highest load pressure of the
one or more actuators, or, if no actuator in addition to the
first actuator is present and in operation, controlling the
hydraulic machine to provide a predetermined idle
pump pressure.

2. A method according to claim 1, comprising discriminat-
ing the request from the first actuator based on direct or
indirect measurement of the movement and/or the position of
the first actuator indicating that the first actuator is stalled.

3. A method according to claim 1, comprising cancelling
the discrimination based on a predetermined load pressure
value of the first actuator indicating that the first actuator is no
longer stalled.

4. A method according to claim 1, comprising providing
one of the one or more actuators for lifting and lowering a
lifting arm unit of the working machine.

5. A method according to claim 1, comprising providing
one of the one or more actuators for tilting an implement
attached to a lifting arm unit of the working machine.

6. A method according to claim 1, comprising providing
the one or more actuators in the form of hydraulic cylinders
and/or hydraulic motors.

7. A computer comprising code on a non-transitory
medium for performing the steps of claim 1.

8. A non-transitory computer readable medium comprising
a computer program stored thereon for performing the steps
of claim 1.



